United States Patent [i9] 

Decuir 



US005781028A 

[111 Patent Number: 
[45] Date of Patent: 



5,781,028 
Jul. 14, 1998 



[54] SYSTEM AND METHOD FOR A SWITCHED 
DATA BUS TERMINATION 

[75] Inventor: Joseph C. Decoir BcUcvuc, Wash. 

[73] Assignee: Microsoft CorporatioiL Rednoond 
Wash. 

[21] Appl. No.: 668^7 
[22] Filed: Jon. 21, 1996 

[51] Int CL^ .„ „ Ha3K 17/16 

[52] a. „ 326/30; 326/21; 326/86 

[58] Fidd of Search 326/21, 27, 30, 

326/82,87.86 

[56] Rrferences Cited 

U.S. PATENT DOCUMENTS 

5.457,406 10/1995 Takada et al. 326O0 

5^28,168 6/1996 Hcvcland 326/30 

5^78,939 11/1996 Boeis et al 326/82 X 

5,604,450 2/1997 BoAar et al „. 326/30 X 

5.635,852 6/1997 Wallace «. 326/30 

OTHER PUBUCAnONS 

Microprocessor and MicrocoiD|Hiter Standards Conunitee of 
the IEEE Computer Society (Sponsor^ IEEE Standard for a 
HighPefformance Serial Bus, The Institute of Electric^ and 
Hectronics Engineers. Inc.. New York 1996. 
Serial Bus SpecificaUon Revision O.S; Compaq Computer 
C<sp(»atioo, Digital Equq)ment Corporation. Intel Corpo- 
ration. Microsoft CorpporatioD. NEC Corporation, and 
NOTthern Telecom; Dec. 30. 1994. 



Primary Examiner— ion Santamauro 
Attorney, Agent, or Firm—Sted and Beny LLP 



[57] 



ABCTRACT 



A bidirectional universal serial bus (USB) indudes switched 
terminations that are selectively activated to terminate the 
receiving end of the data bus in its characteristic impedance. 
The USB Includes a twisted pair data cable that permits 
bidirectional data communication between a USB intciface 
in a computer and a USB perif^eral device. To control the 
bidirectg nalc^piumca tion. the USB defines a transmit 
mode and a receiye^mo 



ach end of the twisted pair data 
cai^^incliu^s^^lectively activatable switch termination 
that terminates the twisted pair data cable in its characteristic 
inq>edanoe when selectively activated. When the USB 
peripheral device is In the receive mode, the switched 
termination within the USB peripheral device is selectively 
activated so diat the twisted pair data cable is terminated in 
its characteristic im|>cdance. This reduces ringing and elec- 
tromagnetic (EM) radiation on the twisted pair data cable. 
The switched termination within the USB interface in the 
con^>uter is not activated when the USB interface is in die 
transmit mode. If the USB perif^ierai is placed in the 
transmit mode, and the USB interface in die counter is 
placed in the receive mode, the switched terroinatiott within 
the USB interface in the computer is selectively activated 
while the switched terminadon within the USB peripheral is 
placed in an inactive state. In this manner, the twisted pair 
data cable is always terminated in the proper iii^tcdance 
only at the receiving end. 

44 Claims, 7 Drawing Sheets 
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SYSTEM AND RMTHOD FOR A SWOTCiriED 
DATA BUS TTERMUNATION 

TECHNICAL FIELD 

The present ioventioa rdates to a method and apparatus 
for bus temuoation, aod more particularly, to a method and 
apparatus for switching data bus tenninadons. 

BACKGROUND OF THE INVENTION 

Computers are used in many applications. Communica- 
tion between computers or between computers and periph- 
erals often requires high-speed data commuiucation Ui^. 
These data communication links may be thought of as 
Hattsnoission lines. Proper termination of a data transmission 
tine is essential to prevent ^gingf on the transmission Une^ 
and to reduce electromagnetic (EM) radiation caused by the 
ringing. In sonte transmission lines, fixed terminations are 
provided at each end of the transmission line to reduc^ 
ringing and EM radiation. If die transmission line is 
bidirectional, a transmitting device must be capable of 
driving both the fixed tennination and the transmission line 
itself. However, this ^>pn>ach is unacceptable if the trans- 
mitting device is low power because a significant amount of 
the available power is consumed by the transmitting device 
to drive the fixed termanatioas at each end of the transmis- 
sion line. Therefcse, it can be appreciated that there is a 
significant need for a data bus tennination capable of 
operation with a low power transmitting device. The present 
invention {vovides this and other advantages as will be 
illustrated by the following descr^on and ^iccompanylng 
figures. 

SUMMARY OF THE INVENTION 

The present invention is embodied in a system and 
method fcr the switched tennination of a bidirectional data 
bus. The bidirectional data bus has first and second ends.* and 
the system has transmitting and receiving modes. The sys- 
tem comprises a first termination coupled to the bidirectional 
data bus first end and selectively activated when the system 
is in the receiving mode to tenninate the bidirectional data 
bus first end. Hie system further includes a second texmi- 
nation coupled to the bidirectional data bus second end and 
selectively activated when the sy^em is in the transmitting 
mode to tenninate the bidirectioDal data bus second end. In 
this manner, 0ie first termination is inactive md ttie second 
tennination is active when the system is in the transmitting 
mode, and the first termination is active and second tenni- 
nation inactive when the system is in the receiving mode. 

In one embodiment the bidirectional data bus is a data 
cable having first and second wires. The first and second 
ten&inatioDS are in^^edance elements coupled between the 
first and second wires at the first and second ends of the 
bidirectional data cable, re^>ectively. The impedance de- 
ments are typically semioosKluctor switch elements such as 
CMOS transistors coupled between the first and second 
wires at the first and second ends of the bidirectional data 
cable. The switch elements have a first impedance when 
selectively activated and a second higher impedance when 
not selectively activated. 

Alternatively, the first termination may be coupled 
between the first wire and a first reference signal, and the 
second tennination coupled between the second wire and a 
second reference signal In yet another alternative, tiie 
terminations ntay be coupled to a single tennination refer- 
ence with switches being activated to selectively activate the 



first and second terminations. The switches are typically 
transistors, such as field effect transistors, or CMOS tran- 
sistors. 

The system may further include first and second capaci- 
^ tive elements in conjunction with the first and second 
terminations to provide alternating current (AC) pathways 
for th'c first and second terminations. This £idvantageously 
provides an AC termination, while eliminating a direct 
cuircnt (DC) pathway, thus reducing DC cuxrcnt dcnund in 
*o the system. 

BRIEF DESCRIPnON OF THE DRAWINGS 

FIO. 1 is a functional block diagram illustrating a con- 
vcntional unidirectional transmission line and termination. 

FIG. 2 is a functional block diagram illustrating a con- 
ventional bidirectional conmiunication between a computer 
and perii^eral device using two unidirectional transmission 
lines with fixed termination. 
20 FIG. 3 is a functional block diagram illustrating a con- 
ventional bidirectional transmission line having a fixed 
tennination resistance at each end. 

FIG. 4 is a functional block diagram illustrating die 
operatioc of a conventional bidirectional transmission line 
^ using an IEEE 1394 standard 

FIG. 5 is a funbctlonal block diagram illustradng the 
operation of a conventional bidirectional transmission line 
on a universal serial bus. 
3Q FIG. (S is a functional block diagram of the universal serial 
bus inoozporating the present invention. 

FIG. 7A is a functional block diagram illustrating the use 
of the present invention in the uniform serial data bus of 
HG. S. 

35 FIG. 7B is a circuit diagram illustrating one embodiment 
of the circuit of FIG. 7A. 

RG. 8A is a functional block diagram illustrating an 
altemative embodlRnent of die present inventloa. 

FIG. SB is a circuit diagram of the embodiment of FIG. 
^ 7A. 

FIG. S> is a circuit diagram of another alternative of the 
present invention. 

FIG. is a dicuit diagram <^ yet another alternative 
45 embodiment of the present invention. 

DETAILED DESCRffTION OF THE 
INVENTION 

As discussed above, the use of a termination on a trans- 

50 mission line is well known. Fcr example, FIG. 1 illustrates 
the conventional connecCioo of a generator 2 to another 
device such as an oscilloscc^ 41 using a transmission line 6. 
The transmission linte (S Jiuy typically be a coaxial cable. The 
genaratCET 2 has a diaracteristlc output inyedancc. desig- 

5S nated as Zo in FIG. I. The ou^ut impedance Zq is designed 
to match die characteristic impedance of the transmission 
line (S. For example, the output impedance ^ of die gen- 
erator 2 is typic^y 50 ohms in oider to match the charac- 
teristic in^iedance of coaxial cables such as RG-S8. which 

60 has a characteristic inq^edance of 50 ohms. The transmission 
line 6 is terminated with a load resistance 8. ff the load 
resistance 3 does not match die characteristic impedance of 
the transmission line 6, it is well known that reflections will 
occur that may cause standing waves on the transmission 

65 line, as well as distortion of the signal on the transmission 
line and ringing. As previously discussed, this ringing results 
in EM radiation from the overall system. Rroper matching of 
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the load resistance 8 with the characteristic impedance of the 
transmission line 6 minimizes the ringing and EM radiation 
effects. 

These same principles apgAy to computer systems con- 
nected to peripherals and transmitting data along a data bus 
cf transmission iinc. For purposes of the present application, 
the data bus may be considaed as a foxm of tiansmission 
iinc. The tarns data bus and transmission line as used herdn 
are interchangeable FIG. 2 illustrates the conventional 
connection of a computer 12 with a peripheral 16. such as a 
printer, facsimile machine, second computer, or the liie. The 
computer 12 includes bus Inteifaoe logic 10 which is 
coupled to bus interface logic 14 within the peripheral 16. As 
those skilled in the art recognize, the bus interface logic 10 
may comprise a plurality of integrated circuits connecting 
signals to and from a data bus (not shown) in the computer 
12. Similarly, the bus interface logic 14 couples signals to 
and from a data bus (not shown) in the peripheral 16. 

The bus inteiface logic 10 in the computer 12 and die bus 
interface logic 14 in the peripheral 16 each include bus 
termination resistors (not shown) to match the characteristic 
impedance of the data buses in the computer and peripheral. 
However, the example in FIG. 2 is directed to the Intercon- 
nection between the computer 12 and the per^^heral 16. A 
driver 22 within ttie computer 12 receives data from the bus 
interface logic 10 and transmits it to the peripheral 16 using 
a transmission line 30. Within the peripheral 16. a receiver 
26 receives the data from the transmission line 30 and 
delivers it to the bus interface logic 14. A load resistance 32 
within die peripheral 16 is used to tcnxkinatc the transmission 
line 30 in its characteristic impedance. This minimizes the 
ringing and EM radiation from the transmission line 30. 

The peripheral 16 also transmits data to the CQnq>uta 12. 
A driver 36 within the peripheral 16 is coupled to the bus 
interface logic 14 and relays data from the perq)heral to a 
receiver 40 in die computer using a transmission line 42^ 
Data from die xeccivcr 40 is cou]^ed to the bus inteiface 
logic 10 in a conventional manner. The transmission line 42 
is terminated by a load resistance 44 within the coiqHiter 12. 
As discussed above, the value of the load resistance 44 is 
selected to match the characteristic impedance of the trans- 
mission line 42. Thus, the transmission lines 30 and 42 are 
terminated by load resistances 32 and 44. respectively, to 
mininoLize ringiDg and EM radiation. H should be noted that 
these transmission lines 30 and 42 are unidirecdonal That is. 
all data going from the compter 12 to the peripheral 16 is 
transmitted in one direc^on on the transmission line 30. 
while data being transmitted from the pcr^eral to the 
oonqnitcT is transmitted In an opposite direction using the 
transmission line 42. 

FIG. 3 illustrates die use of a conventional bidirectional 
transmission line. A perq>heral device S0« which may be a 
printer, facsimile machine, con^uter. or the like, is coupled 
to a transmission line 54 at a node 56. The peripheral device 
50 has a high input impedance and does not provide a 
tennination for the transmission line 54. However, the 
transmission line 54 is terminated at each end by load 
rcsistcrs 58. The load resistors 58 are designed to match the 
characteristic impedance of the transmission line 54. Thus, 
the system illustrated in the example of FIG. 3 provides the 
proper termination to minimize ringing and EM radiation. 

Another example of a transmission line, illustrated in FIG. 
4. iiiq>lement5 the IEEE 1394 standard for data transmission. 
The IEEE 1394 standard specifies a twisted pair transmis- 
sion line 51. It should be noted that the IEEE 1394 standard 
calls for two sets of twisted pair transmission lines as well 
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as power distribution wires. However, for the sake of 
brevity, only one twisted pair transmission line is illustrated 
in FIG. 4. A bus driver 52 in the computer 12 drives the 
twisted pair transmission line 51. A bus receiver 53 in the 
peripheral 16 receives the data from the twisted pair trans- 
mission line 51. A pair of tennination resistors 55 in die 
peripheral 16 terminate the twisted pair transmission line 51 
in its characteristic in9)edance. It should be noted that die 
twisted pair transmission line 51 is bidirectional. The line 
driver 52 In tiie coixqHiter 12 and the receiver 52 in die 
peripheral 16 permit the transmission of data from die 
computer to the perif^ieral over the twisted pair of trans- 
mission line. However, the peripheral 16 also includes a line 
driver 52 to transmit data from the perif^eral to the com- 
puter 12 over the twisted pair of transmission line 51. A 
receiver S3 in die computer 12 receives data transmitted 
from the per^heral 16 over the twisted pair of transmission 
line 51. A pair of termination resistors 55 within die com- 
puter 12 terminate the computer end of the twisted pair of 
transmission line 51 in the characteristic inq;)edance of the 
twisted pair oi transmission line. 

While the circuit illustrated in FIG. 4 permits high-speed 
data transmission, there are significant disadvantages to the 
fixed terminations 55 at both ends of the twisted pair 
transmission line 51. Specifically, the circuit illustrated in 
FIG. 4 is sub-optimal in its power usage. The Line driver 52 
is capable of delivering a given output power level. 
However, one half of the power generated by die line driver 
52 is wasted by the fixed termination resistors 55 with the 
remaining power delivered to the twisted pair transmission 
line 51. For exan^le. the line driver 52 in the computer 12 
generates an ou^ut signal at a given power level Only one 
half the power generated by die liner driver 52 in the 
con^Hiter 12 is actually delivered to the twisted pair trans- 
mission line 51. The remaining half of the power generated 
by the line driver 52 in the conqMiter 12 is wasted in driving 
the fixed termination resistors 55 in the computer 12. A 
similar sub-optimal usage of power occun in the per^cral 
16 when die peripheral is transmitting data to die computer 
12. That is. the line driver 52 hi die peripheral 16 delivers 
only half the power to the twisted pair transmission line 51 
wld) the odier half of the power being wasted by the fixed 
termination resistors 55 in the peripheral 16. Thus, only half 
the power generated by die line driver 52 is actually useful 
in transmitting data. 

As a consequence of the wasted power, another disad- 
vantage of die circuit illustrated in HG. 4 is that the fixed 
termination resistors 55 cause a significant decrease in the 
output voltage swing. For exaix^e. die line driver 52 in the 
con^xiter 12 generates an output voltage. However, the 
parallel combination of the twistedpair transmission line 51 
in the fixed termination resistors 55 in the computer 12 can 
cause reduction in the voltage ou^t swing c£ the line 
driver. Thus, the fixed termination resistors 55 at eadi end of 
the twisted pair transmission line 51 provide appropriate 
tennination of the twisted pair transmission line, but at a cost 
of wasted power and reduced ouqxit voltage swing. The 
result of die reduced voltage swing is a lower signal-to- noise 
ratio on the transmission line 51. 

As the use of the conqniters has become nnore widespread, 
it has beconoe desirable to sin^liiy die intenx)nnection of 
various peripheral devices with die computer. Tills is par- 
ttculariy true of personal conqxiters where untrained users 
must unpackage and assemble dieir own computer system. 
To that end. a group of computer hardware and software 
manufacturers have developed a universal serial bus (USB). 
The USB is designed to simplify the interconnection of 
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various oonipoiients in a coinputer system. For cxan^lc, the 
USB uses the same oontKCtor for all peripheral devices. Tlie 
USB comprises a four-wire caUe, with two of the four wires 
carrying power (+S volts and ground) while the remaining 
two wires are a data bus. In a high speed version of the USB. 
Ihe data bus is a twisted pair data cable, while the low speed 
version does not use twisted pair. The discussion herein is 
limited to the high speed version of the USB and the twisted 
pair data cable. Some additional details of ttie USB wiU be 
discussed below. However, the priDciplcs of the present 
invention apply to both versions of the USB. as well as other 
forms of data transmission lines. A complete description d 
the USB. including descriptions of the physical 
spedilcatioa. are contained within a document entitled 
*'Scrial Bus Specification,** Compaq Con^xrter Coq^oration, 
Digital Equipment Corporation. Intel Corporation. 
Microsoft Corporation. NEC Corporation, and Northern 
Telecom. 1994, which is incoqxvated herein by reference in 
its entirety. 

The advantoge of the USB is diat the usct can connect 
various coniponents in a variety of configurations. Since the 
USB specifies a conunon connector for all pcrij^cral 
devices, interconnectivity is simplified. Furthermore, the 
USB cable is also identical for all peripheral devices. As 
illustrated in FIG. 4. the computer 12 contains a conven- 
tional USB interface 60. which is coupled to a conventional 
USB peripheral 62 by a four conductor wire cable 70. TTie 
wire cable 70 includes a twisted pair data cable 72 as well 
as two additional wires (not shown) carrying power from the 
confer 12 to the USB pcrq)heral 62. The twisted pair data 
cable 72 provides bidirectional data communication 
between the conq>uter 12 and the USB per^eral 6Z Hie 
coII^>ute^ 12 transmits data to die USB peripheral 62 using 
a bus driver 76 coupled to the twisted pair data cable 72 
through a pair of inq)edanoe matching resistors SO. The 
impedance matching resistors 80 match the lofw output 
impedance of the bus driver 76 to the characteristic imped- 
ance of the twisted pair data cable 72. It should be noted that 
the bus driver 76, which is a conventional component with 
a differential output to drive die two wires in the twisted pair 
data cable, is activated for data transmission by a control line 
(not shown). When die bus driver 76 is not activated, its 
ou^ts arc in a high impedance state. 

A bus receiver 82 widiin die USB peripheral 62 is coupled 
to the twisted pair data cable 72 and receives data transmit- 
ted from die computer 12. The USB peripheral 62 transmits 
data over die twisted pair data cable 72 using a bus driver 86. 
The USB peripheral 62 also includes a pair of in:9>edanoe 
matching resistors 80 coupled to die bus driver 86 to match 
the characteristic impedance gS the twisted pair data cable 
72. The bus driver 86 is activated for data transmission by 
a control line (not shown). When the bus driver 86 is not 
activated, its ou^ts are in a high inq)edance state. A bus 
receiver 90 within die USB interface 60 of me cojt^ter 12 
is coupled to die twisted pair data cable 72 and receives the 
data transmitted from the USB peripheral 62. Thus, the 
twisted pair data cable 72 permits bidirectional communi- 
cations between the computtr 12 and die USB peripheral 62. 

The USB defines a transmit mode and a receive mode to 
control the bidirectional transfer of data over die twisted pair 
data cable 72. To transmit data from die computo' 12 to die 
USB peripheral 62. die USB interface 60 is placed in die 
transmit mode while die USB peripheral is placed in die 
receive mode. Conversely, the USB perii^cral 62 is placed 
in the transmit mode and die USB interface 60 is placed in 
the receive mode to permit die transfer of data from die USB 
peripheral to the con^ter 12 over die twisted pair data 
cable 72. 
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It should be noted diat the USB peripheral 62 includes a 
resistor 92 coupled between one wire of the twisted pair data 
caWc 72 and (typically +5 VDC). In addition, the other 
wire of die twisted pair data cable 72 is coupled to ground 

j throu^ a resistor 94. Hie resistors 92 and 94 are used by the 
USB interface 60 in the computer 12 to maintain proper 
voltage levels for data signals and to detect die presence of 
the USB peripheral 62. All USB peripheral devices include 
such resistances. When the USB pcrq^cral 62 is connected 

to to the computer 12. the USB per^herat qyplies a voltage to 
the twisted pair data cable 72 that permits the USB interface 
60 in the computer 12 to detect the presence of the USB 
peripheral. The resistors 92 and 94 eadi have a resistance of 
approximately L5 kilduns. In contrast, die characteristic 

15 in:q>edance of die twisted pair data cable 72 is approximately 
110 ohms. Because the values of the resist<^ 92 and 94 are 
significantly higher dian die characteristic impedance of die 
twisted pair data cable 72. these resistors do not function as 
an impedance matching termination to the twisted pair data 

20 catde. 

Furdiermc^e, the impedance matching resistors 80 do not 
operate to tenninate the twisted pair data cable 72 because 
die bus driver 76 or 86 at die end of die twisted pair data 
cable receiving data is in a high in^iedance state. When die 

25 USB pex^eial 62 is in the receive mode and capable of 
receiving data over the twisted pair data cable 72, die bus 
driver 86 is inactive and Its outputs are in a high inq>edance 
state. Therefore, the impedance matching resistors 80 in the 
USB peripheral 62 do not serve to properly terminate the 

30 twisted pair data cable 72. As a result of improper 
termination, signals transmitted from the USB interface 60 
in the computer 12 to the USB peripheral 62 are reflected 
back onto the twisted pair data cable 72. resulting in ringing 
and undesirable EM radiation. Similariy. signals transmitted 

35 from die USB periphoal 62 to die USB interface 60 in die 
confer 12 are reflected back onto die twbted pair data 
cable 72 because the twisted pair data cable is not property 
terminated within the USB interface in the conqniter. 
The twistedpair data cable 72 can be property terminated 

40 by a fixed termination at each end of die twisted pair data 
cable. However, such a circuit arrangement would degrade 
system perfonnanoe since the bus driver 76 in the USB 
interface 60 would be driving bodi die twisted pair data 
caUe 72 and the fixed terminadon (not shown) within die 

45 USB interface when the USB imoface is in the transmit 
mode. As those skilled in die art will readily appreciate, such 
a circuit arrangement would divide the signal power trans- 
mitted from die bus driver 76. with half of the signal power 
being transmitted ovor the twisted pair data cable 72. and die 

50 other half oi the signal power being wasted by driving die 
fixed termination (not shown) in die USB interface 60. 
Similarty, the bus driver 86 in die USB peripheral 62 would 
be forced to drive the twisted pair data cable 72 and the fixed 
toroination (not shown) within the USB peripheral when the 

55 USB peripheral is in the transmit mode. As discussed above, 
this would cause die reduction in signal strength and a 
degradati(Hi of system perfbnnance because only one-half 
the power would be transmitted into the twisted pair data 
cable 72 while the odier half of die power would be wasted 

60 by driving the fixed termination (not diown) in the USB 
pcrtphecal 62. Since the USB peripheral 62 typically 
receives its power from die USB interface 60 in the com- 
puter 12 using die two powa conductors (V^ and ground) 
of the wire cable 70, die USB peri{4ieral has only a limited 

65 cucrent available and die use of fixed terminations would 
consume a considerable amount of die total current available 
to die USB peripheral Therefm, a fixed termination at each 
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cad of the twisted pair data cable 72 is an undesirable 
solution to the problem of terminating tbe twisted pair data 
cable in its characteristic in^>edance. The {xesent invention 
uses switched bus tenninations that are selectively activated 
only at the end of the twisted pair data cable 72 which is 
receiving data. This arrangement provides proper teimina- 
tion of the twisted pair data cable 72. thus minimizing 
ringing and EM radiatic») in a USB con^uiter system. 

A computer system 190 incorporating die present inven- 
tion is illustrated in the functional block diagram of FIG. 6. 
Many of the components Illustrated in FIG. 6 are the 
standard components of the USB. previously discussed with 
respect to FIG. 4. For example, the resistors 80 in the USB 
interface 60 and the USB peripheral 62 match the low 
impedance output of the line drivers 76 and 86. respectively, 
to the diaracteristic inq^edanoe of the twisted pair data cable 
72. However, the system 100 includes a switdied teimina- 
tion 91 at the end of the twisted pair data cable 72 in die USB 
peripheral 62. which is selectively activated when the USB 
peripheral is in the receive mode, and a switched termination 
93 at the end of the twisted pair data cable in the USB 
interface 60 in the conqiuter 12. whldi is selectively acti- 
vated when the USB interface 60 is in the receive mode. The 
switched termination 91 terminates the twisted pair data 
cable 72 in its characteristic impedance of 110 ohms when 
the USB per^eral 62 is in the receive mode. The switched 
termination 91 is selectively enabled by a receive enable 
control signal ^'BE^,'* The USB peripheral 62 generates the 
receive enable control signal RE| whenever the USB periph- 
eral is in the receive mode. Similarly, the switched termi- 
nation 93 terminates the twisted pair data cable 72 in its 
character impedance of 110 ohms when the USB interface 
60 is in the receive mode. The switched termination 93 is 
selectively enabled by a receive enable control signal 'KE:.** 
The USB interface 60 generates the receive enable control 
signal REj whenever die USB interface is in die receive 
mode. Thus, the present invention selectively enables a 
termination at the end of die twistedpair data cable 72 which 
is receiviog data. 

One en^odiment of the system 100 is illuslratod in (he 
fiincdonal block diagram of FIG. 7A. The switched termi- 
nation 91 of the USB peripheral 62 includes a resistor 
coupled in series with a switch S| connected across die two 
wires of the twisted pair data cal>le 72 at the inputs of the bus 
receiver 82. Similarly, die switched termination 93 of the 
USB interface 60 in the con^wter 12 contains die resistor 
coupled in series with a switch Sj connected across the two 
wires of die twistedpair data cable 72 at the inputs of the bus 
receiver 90. The switches S ^ and S3 can be implemented by 
several different commercial products sudi as analog 
switches, transistors, and the like. As will be described 
below, the switches S| and Sj are selectively activated a: 
closed to provide a switched termination at ttie end the 
twisted pair data cable 72 receiving data. 

When the co^^IUter 12 is transmitting data to the USB 
peripheral 62 over the twisted pair data cable 72. the USB 
interface 60 is in the transmit mode while the USB perq>b- 
cral is in the receive mode. The switch Sj is selectively 
activated whenever the USB peri|dicral 62 is in the receive 
mode, thus providing tbe proper termination ci the twisted 
pair data cable 72 at the pei^eral end of the twisted pair 
data cable receiving data. When the USB perq)hcral 62 is 
transmitting data to the USB interface 60 in con^niter 12 
over the twisted pair data cable 72. the USB peripheral 62 
is in the transmit mode while the USB interface is in die 
receive mode. The switch $2 is selectively activated when- 
ever the USB interface 60 is in the receive mode, thus 
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providing the proper termination of the twisted pair data 
cable 72 at the computer end of the twisted pair data cable 
receiving data. 

Using the system 100, the twisted pair data cable 72 is 
selectively terimnated only at the receiving end by either the 
resistor R^ and the switch S^. or the resistor R^ and die 
switch S2* depending on the direction of communication. 
The resistor Rj has a selected value to match the character- 
istic impedance of the twisted pair data cable 72. In die 

] embodiment illustrated in FIG. 7A, the resistance Rj has a 
value selected to provide the appropriate termination of die 
twisted paur data cable 72. When the USB interface 60 is 
transmitting data to tbe USB peripheral 62. the switch S| is 
activated and the combination of &c resistor R| and the 

5 switch Sx provide an impedance that matches the charac- 
teristic hnpedance of the twisted pair data cable 72. die 
USB peripheral 62 is transmitting data to the USB interface 
60. die switch S3 is activated and the combination of the 
resistor R^ and the switch S2 provide an in[4>edance that 
matches die diaracteristic impedance of the twistedpair data 
cable 72. The system 100 provides the twin advantages of 
proper tennination of the twisted pair data cable 72 and 
enhanced system performance by eliminating die need to 
drive fixed tenninations at both ends of die twisted pair data 

3 cable. 

FIG. 7B illustrates one embodiment of the circuit shown 
in the functional block diagram of FIG. 7A. In HG. 7B, 
transistors and Q^^ perform die. functions of bodi die 
resistor R^ and the switch Sj in the USB peripheral 62. The 

0 transistors and Q^^ are N-channd and P-channel field- 
eflfect transistors (FETs). respectively. The transistor Q^^ is 
selectively activated (turned on) by the receive enable 
control signal RE^ applied to die gate of die transistor, which 
also enables the bus receiver 82 within the USB per^heral 

s 62 while the transisto r Q^j Is selectively activated by die 
conq)lementary signal REj. It should be noted that for tbe 
sake of clarity, the bus drivers 76 and 86 have l>een omitted 
from FIG. 7B. In addition, die resistors 92 and 94 have also 
been omitted from FIG. 7B. The transistors and Q^^ are 

Q selected to have a characteristic impedance that matdies die 
characteristic in^iedance of the twisted pair data cable 72 
when activated. Alternatively, tbe transistors and Q^^ 
may have an impedance that is lower than the diaracteristic 
impedance of the twisted pair data cable 72 when activated 

j In this situation, the transistors Q^^ and Q^^ do not entirely 
perform the function of the resistor R^ of FIG. 7A arc used 
in series with the resistor R, as shown in FIG. 7A The 
combination el the resistor R^ and the transistors Q^^ and 
QiA provide an impedance that matches the characteristic 

0 in^>edance of the twisted pair data cable 72. 

IVansistors Q^^ and are N-channel and Pnchannel 
FETs, respectively. The trans^ars Q^a Qu operate in 
a manner identical to that of transistors and Qi^ with the 
exception that the transistor is selectively activated 

5 (turned on) by the receive enable centred signal RE3 api^ed 
on die gate of the transistor, which also enables the bus 
receiver 90 within the USB interface 60 in the conqniter 12. 
The transistor Q agis selectively activated by the ccHx^le- 
mentary signal REj. The transist(u^ Q^^ and Q^b 

0 selected to have a characteristic impedance that matches the 
characteristic impedance of the twisted pair data cable 72 
when activated. As discussed above with respect to die 
transistors Q^^ and Qi^. the transistors and may be 
used alone or in combination with the resistor Rj to provide 

^ the desired characteristic impedance. 

The transistors and are activated when the USB 
peripheral 62 is in the receive naode. such that die USB 
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peripheral is c^aUc of receiving data transmitted from die selected using a nomioal frequency of 6 megahertz, which 
USB interface 60 in the computer 12 over the twisted pair coirespoods to die maximum data transfer rate of 12 mega- 
data cable 72. Conversely, the transistors and Q2S P^' second specified by the USB. The advantage of the 
activated when the USB interface 60 is in the receive mode. circuit illustrated in FIG. is that It provides balanced 
When the USB interface 60 is in the receive mode, it is 5 termination of the twisted pair data cable 72. The c^citors 
capable of receiving data transmitted from the USB pcriph- Cj-C^ are included to prevent excessive DC current drain 
cral 62 over the twisted pair data cable 72. Thus, the when the switches SyS^ are activated (i.e.. closed). For 
transistor pairs Q^^, Q^g and Q^^, Q^^ arc selectively cxan^jle, when the switches Sj and S4 are closed, there is a 
activated to provide a termination only at the receiving end conductive pathway from throu^ the switch S4, the 
of the twisted pair data cable 72. As discussed above, the 10 resistor R4, the resistor Rj, and the switch 83 to ground. If 
termination of the twistedpair data cable in its characteristic capacitors C5 and C4 were not present, this low imped- 
impedance provides the proper inq)edance matching which pathway would cause excessive DC cuirent drain in the 
reduces ringing and EM radiation. When the transistor pairs ^SB peripheral 62. Similariy, (here is a conductive pathway 
QiA* Qi* Q2A^ QiB ^ not activated, they are in a high ^cc to ground when switdies S5 and S^ are activated, 
impedance state and present no load to the twisted pair data 15 c^adtors C, and Cg provide an AC termination of the 
cable 72. F<x exan^le, when the USB perqiheral 62 is in the ^tt^cr wire in the twisted pair data cable 72 without causing 
transmit mode and the USB interface 60 is in the receive excessive DC current drain. 

mode, the transistors Qj^ and Q^^ are not activated and the The circuit of FIG. SB illustrates mere specifically the 
transistors Q^a Q2B ^ activated. Thus, the twisted pair embodiment of the circuit of FIG. 8A. In FIG. 8B, transistors 
data cable 72 is terminated in its characteristic impedance 20 Qa^Qe provide the function of the switches Sj-S^. re spec- 
only at the end that is receiving data while the switched tively. The transistors Q^-Qe ^ selected so that the aggre- 
termination 91 has no effect on the twisted pair data cable. g&te impedance of the switdied termination 91 approximates 
This advantageously allows the USB peripheral 62 to trans- the characteristic impedance of the twisted pair data cable 
mit data onto the twisted pair data cable 72 at full power 72. If the ''ON** iii^>edance of the transistors Qi-Q^ is 
while the USB interface 60 has the proper termination for 25 sufficiently low, the contribution of the transistors Qy^e ^ 
the twisted pair data cable to minimize ringing and EM the aggregate impedance of the switdied termination 91 is 
radiation, FIG. 6B illustrates the transistor pairs Q,^. Q^^ insigniiicant and may be ignored, 
^d Qis arc illustrated as individual transistors. As previously discussed, ttie switched termination 91 is 
However, the transistor pairs are commercially available as selectively activated when the USB peripheral 62 is in the 
a CMOS bilateral switch. The operation of CMOS bilateral 30 receive mode. In the receive noode. the receive enable 
switches are well known in the art, and need not be described control signal RE^ is enabled. The receive enable control 
in detail herein. signal RE^ activates (ie., turns on) transistors Q4 and Q^. 

An alternative embodiment of the present invention is whidi are N-cfaannel field-effect transistors (FETs). The 

illustrated in FIG. 8A showing only the USB perij^eral 62. transistors Q4 and are activated by a hi^ level signal on 

For the sake of darity. the circuit illustrated in FIG. 8 A does 35 their gate inputs. The high level signal is provided by the 

not include the bus driver 86 in the USB peripheral 62. read enaUe control signal RE^, which is generated within 

While not illustrated, USB interface 60 does include a circuit the USB peripheral 62, In contrast, die transistors Q3 and 

for the switched tmnination 93 that is identical to the are P-diannel FETTs, which are activated by a low logic level 

switched termination 91 of the USB peripheral 62. The signal, which is the inverted version of the receive enable 

switched terminati<Hi 91 in the USB periphaal 62 is selec- 40 control s^nal RE|. An inverter IM is coupled to the receive 

tively activated when the USB peripheral is in tht receive enable control signal RE^ and generates an inverted receive 

mode. Similariy. the switched tenmination 93 (not shown in enable control signal RE]. As with FIG. 8A« for the sake of 

FIG. 8A) in the USB interface 60 is selectively activated clarity, FIG. 8B does not illustrate the switched termmation 

when the USB interface in the coniputer 12 is in the receive 93 in the USB mterface 60 in die computer 12. However, the 

mode. Thus, as described above, the embodiment illustrated 45 switched termination 93 operates in a manner identical to 

in FIG. 8A also provides switdied termination wherein the that described atwve with respect to the switched tetmina- 

end of the twisted pair data cable 72 receiving data is tion 91 except that the switched termination 93 is activated 

selectively teiminated in the characteristic impedance of the only when the USB interface 60 in the corr^Hiter 12 is in the 

twisted pair data cable. receive nnxJe. 

In FIG. 8A, each line of die twisted pair data cable 72 has so While the specific embodiments described herein illus- 

an alternating current (AC) termination to both die positive trate the transistors Qi-Qa as FETs, tfiose of ordinary skill 

voltage and to ground. A resistor R3 is connected in in the art will readily recognize that any suitable switching 

series widi a capacitor C3 and a switch S3 between one wire transistors will sulBce. For exan^e, the transistors Qi-Q<s 

of the twisted pair data cable 72 and the ground. A resistor could be commercially available CMOS analog switches. 

R4 is connected in series with a c^^acitor C4 and a switch S4 ss FIG. 9 illustrates an alternative embodiment of die circuit 

between die same wire of die twisted pair data cable 72 and of FIG. 8A. A single transistor Q7 provides the functionality 

die positive voltage SimUariy, a resistor R^ is connected of both switches S4 and Sg of HG. 8 A. while a transistor Qg 

in series widi a c^acitor C3 and a switdi S, between die provides die functionality of bodi switches S3 and S, of FIG. 

other wire of the twisted pair data cable 72 and die ground. 8A. The operation of the circuit is substantially sinular to 

A resistor R^ is connected in scries with a capacitor Q and 60 that described fci die circuit of FIG. 8B. The transistor Q7 

a switch Sfi between the same other wire of die twisted pair is sdectively activated by the receive enable control signal 

data cable 72 and die positive voltage V«- The switches RE^. while die transistOT Qg is selectively activated by die 

Sj-Sg are all activated when die USB peripheral 62 is in die inverted receive enable control signal REJ^. The value <rf die 

receive mode. The value for die resistors Rj-Rfi and Cj-Cft resistors arc Rg-Ra, combined witti ci^[>acitars C^-Cu. 

are selected so that the aggregate impedance of these comr 65 togedier with die transistors Q7 and Qg are selected to 

ponents equals the characteristic impedance of die twisted terminate the twisted pair data cable 72 in its characteristic 

pair data cable 72. The value of the capacitors C3-C6 are in^xsdance. As discussed above, die capacitors Q-Cu pre- 
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vent DC current flow from to ground when the switched 
termination 91 is activated. In yet another alternative 
embodunent die FIG. 9* the resistors and R^^ can be 
combined into a singb resist<^ (not shown). Similarly, the 
resistors R9 and R^i can be combined into a single resistor 5 
(not sJiown). Those skilled in the art will recognize that otti& 
circuit configurations are possible. All such configutatioDS 
of switched termination are intended to be encompassed by 
die present invention. 

In yet another alternative embodiment, the switched ter- 
mination 91 can terminate the two wires of the twisted pair 
data cable 72 to a single reference point 1#2. In a preferred 
embodiment, the reference point 102 has a voltage Vcc/2. 
which is generated by a voltage reference IM. thus provid- 
ing a common termination reference for each of the wires of ^3 
the twisted pair data cable 72 v^e maintaining the elec- 
trical balance and symmetry of the switched termination 91. 
As with other samples of the switched termination* die 
combination (tf a resistor R^^ and switch S7 combined with 
a resistor R^^ and switch Sg terminate the twisted pair data 20 
cable 72 in its characteristic inq)edance when the switched 
tennination 91 is activated. As previously discussed, the 
switched termination 91 is activated by the receive enable 
line REj. In a preferred endxxilment each of die switches 
and Sg are CMOS bilateral switches. An example of a 25 
CMOS bilateral switdi is provided in FIG. 7B where indi- 
vidual transistors Qj^ and Q^^ comprise a single CMC^ 
bilateral switch. The operation of the CMOS bilateral 
switches is well known and need not be discussed in detail 
herein. For the sake of brevity, the switched termination 93 30 
within die conqwter 12 is not illustrated in FIG. 10. 
However, it should be understood that the switched termi- 
nation 93 in the computer 12 operates in a manner similar to 
that descrit>ed above with respect to FIG. 10. However, the 
switched tennination 93 in the computer 12 is activated by 33 
the read enable signal RHj while the switched termination 
91 b die USB peripheral 62 is activated by the read enable 
signal RE^. 

The system 160 advantageously provides switched tcrmi- 
nati<»is that properly terminate a transmission line in Its 40 
characteristic impedance when activated, but which have no 
effect on the transmission line when in an inactive state. 
Thus, the line drivers ace able to deliver full power to the 
twisted pair data cable 72 rather than wasting one half of die 
power in the fixed terminations of die prior art In addition. 45 
the voltage swing of die line drivers are not limited by 
having to drive both the transmission line and a fixed 
tennination, as is the case in the IBKR 1394 standard 
illustrated in FIG. 4. A number of difference possible circuit 
configurations are provided in die examples illustrated in die 50 
figures. However, those of ordinary skill in the art will 
recognize that many different circuit configurations are 
possible for the switched terminations 91 and 93. 

It is to be understood that even diou^ various embodi- 
ments and advantages of die present invention have been set 55 
forth in die foregoing description, the above disclosure is 
Illustrative only, and changes may be made in detail, yet 
remain within the broad principles of die invention. 
Therefore, the present invention is to be limited only by the 
appended claims. ^ 

What is claimed is: 

1. A system for the termination of a universal serial data 
bus between first and second devices having transmittiag 
and receiving modes, the system comprising: 
a bidirectional data bus, including a two-wire twisted pair 6S 
data cable with first and second wires having first and 
second ends, said data caHc first end coupled to the first 
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device and said data cable second end coupled to die 
second device; 

a first bus driver having a driver input to receive data and 
a differential driver output coupled to said data cable 
first end, said first bus driver transmitting a first data 
signal from said data cable first end to said data cable 
second end when the universal serial data bus is in the 
transmitting mode; 

a first bus receiver having a differential receiver input 
coupled to said data cable first end to receive data and 
a first receiver ou^t said iirst bus receiver receiving 
a second data signal from said data cable second end 
when the universal serial data bus is in the receiving 
mode; 

a second bus driver having a driver input to receive data 
and a differential driver output coupled to said data 
cable second end, said second bus driver transmitting 
said seccHid data signal from said data cable second end 
to said data cable first end when die universal serial 
data bus is in the receiving mode; 

a second bus receiver having a differential receiver input 
coupled to said data cable second end to receive said 
first data signal and a second receiver ou^ut. said 
second bus receiver receiving said first data signal firom 
said data cable first end when die universal serial data 
bus is in die transmitting mode; 

a first termination coupled to said data cable first end and 
selectively activated when die universal serial data txis 
is in the receiving mode to terminate said data cable 
first end; and 

a second termination coupled to said data cable second 
end and selectively activated when the universal serial 
data bus is in the transmitting mode to terminate said 
data cable second end. 

2. The system of claim 1 wherein said first and second 
terminations each include a resistive element. 

3. The system of claim 2 wherein said resistive elements 
each includes a resistor coupled between said first and 
second wires of said two-wiic twisted pair. 

4. The system of claim 2 wherein said resistive elements 
each include a semiconductor switdi clement coupled 
betweoi said first and second wires of said two-wire twisted 
pair data cable and having a first impedance when selec- 
tively activated and a second impedance higher than said 
first inqjedance when not selectively activated. 

5. The system of claim 4 wherein said semiconductor 
switch elements each include an analog switch. 

6. The system of claim 1 where in said first and second 
terminations each courses a first tennination element 
coi^led between said first wire of said two- wire twisted pair 
data cable and a first reference signal and a second termi- 
natioo elenient coupled between said second wire of said 
two-wire twisted pair data cable and a second reference 
signal. 

7. The system oi claim 1 wherein said first and second 
terminations each includes a switch coupled between said 
first wire of said two-wire twisted pair data caUe and a 
termination reference, said switches being activated by 
switch control commands to selectively activate either said 
fir^ termination ot said second tamiDation. 

S. The system <^ claim 7 \^erein said termination refer- 
ence is said second wire of said two-wire twisted pair data 
cable. 

9. The system of daim 7 whmin said switches each 
include a transistor. 

10. The system of daim 9 wherein said transistor is a 
field-effect transistor. 
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11. The system of claim 1 wherein said first and second 
terminations each include a capacitivc clement operating to 
provide an alternating current (AC) pathway for said first 
and second terminatioDs, respectively. 

12. The system of daim 11 wherein said capadtive 5 
elements each indude a first capadtor cou{4ed b^cen said 
first wire of said two- wire twisted pair data cable and a first 
tefmination reference and a second capacitor coupled 
between said second wire of said two-wire twisted pair data 
cable and a second termination reference. 

13. The system of claim 12 wherein said first and second 
terminations each includes a switch coupled between said 
first wire of said two-wire twisted pair data cable and a 
termination reference, said switches being activated by 
switch control commands to sdectively activate either said 
first termination or said second termination and to thereby 
couple said capadtive elements to said first and second 
lefeicocc terminations. 

14. The system of daim 11 wherein said first and second 
terminaticms eadi indude a resistive clement connected in 
series with said capadtive element to provide said AC 
pathway for said first and second teiminations. respectively. 

15. A system for the termination of a bidirectional serial 
data bus coupled between a first device and a second device, 
induding a two-wire twisted pair data cable with first and ^ 
second wires having first and second ends with twisted pair 
bus drivers at the first and second data cable ends, the 
twisted pair bus driver at the data cable first end transmitting 

a first data signal from ifae data cable first end to the data 
cable second end when the data bus is in a transmitting mode ^ 
and the twisted pair bus driver at the data cable second end 
transmitting a second data signal from the data cable second 
end to the data cable first end when the data bus is in a 
receiving mode, the system con^sing: 
a first twisted pair bus recdver having first and second 3, 
recdver in^Hits coupled to ttie first and second wires, 
respectively, at the dau cable first end to recdve the 
second data signal from the data cable second end when 
the data bus is in the recdving mode; 
a second twisted pair bus recdver having first and second 40 
receiver inputs coupled to the first and second wires, 
respectively, at the data cable second end to recdve the 
first data signal from the data cable first end when the 
data bus is in the transmitting mode; 
a first twisted pair termination coupled to the first and 4s 
second wires, respectivdy. at the data cable first end 
and sdectivdy activated when the data bus is in the 
recdving mode to terminate the data cable first end; 
and 

a second twisted pair termination coupled to the first and 50 
second wires, respectively, at the data cable second end 
and sdectivdy activated when the data bus is in the 
transmitting mode to terminate the data cable second 
end. whereby said first tennination is inactive and said 
second termination is active when the data bus is in the ss 
transmitting mode and said first termination is active 
and said second termination is inactive when the data 
bus is in the recdving mode. 

16. The system of claim 15 wherein said first and second 
twisted pair terminations each iiK:lude a resistive element 60 

17. The system of claim 16 wherdn said resistive de- 
ments each indude a semiconductor switch dement having 
a first impedance when selectively activated and a second 
impedance higher than said first iii^>edancc when not selec- 
tively activated. 63 

19. A system for the tennination of a bidirectional serial 
data bus coupled between a first device and a second device. 



induding a data cable having first and second ends with bus 
drivers at the fint and second data cable ends wherein the 
data cable includes a two-wire twisted pair having first and 
second wires, the bus driver at the data cable first eod 
transmitting a first data signal from the data cable first end 
to the data cable second end when the data bus is in a 
transmitting mode and the bus driver at the data cable second 
end transmitting a second data signal from the data cable 
second end to the data cable first end when the data bus is 
in a recdving noode. ttit system con^rising: 
a first bus receiver having a recdver input coupled to the 
data cable first end to recdve the second data signal 
from &e data cable second end when the data bus is in 
the receiving nK>de; 
a second bus recdver having a recdver input coupled to 
the data catde second end to receive the first data signal 
from the data cable first end when the data bus is in the 
transmitting mode; 
a first termination, induding a resistive dement coupled 
to the data cable first end and sdectivdy activated 
when the data bus is in the recdving mode to terminate 
the data cable first end; and 
a second termination, including a resistive elemeot. 
coupled to ^e data cable second end and selectively 
activated when the data bus is in the transmitting mode 
to terminate tht data cable second end. said resistive 
elements each induding a resistor coupled between 
said first and second wires of said two-wire twisted 
pair. 

19. A system for the termination of a bidirectional sctial 
data bus coupled between a first device and a second device, 
induding a data cable having first and second ends with bus 
drivers at the first and second data cable ends wherein (he 
data cable includes a two-wire twisted pair having first and 
second wires, the bus driver at tfie data cable first end 
transmitting a first data signal from Ihe data cable first end 
to the data cable second end when the data bus is in a 
transmitting mode and ttte bus driver at the data cable second 
end transmitting a second data signal firom the data cable 
second end to the data cable first end when the data bus is 
in a recdving mode, the system con^xising: 

a first bus recdver having a recdver input coupled to the 
data cable first end to recdve the second data signal 
from the data cable second end when the data bus is in 
the receiving mode; 

a second bus recdver having a recdver input coupled to 
the data cable second end to receive the first data signal 
from the data cable first end when the data bus is in the 
transmitting mode; 

a first termination, induding a resistive dement coupled 
to the data cable first end and sdectivdy activated 
when the data bus is in the recdving naode to terminate 
the data cable first end; and 

a second termination, induding a resistive dement, 
coiqiled to the data cable second end and sdectivdy 
activated when the dau bus is in tiie transmitting mode 
to tenninate the data cable second end wherdn said 
resistive dements each indude a semiconductor switch 
dement having a first impedance when sdectively 
activated and a second impedance higher than said first 
inqjedance whoi not sdectivdy activated and said 
semiconductor switch dements are coupled between 
said first and second wires of said two-wire twisted pair 
data cable. 

20. A system for the termination of a bidirectional serial 
data bus coupled t>etween a first device and a second device. 
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including a two-wire data cable having first and second ends 
with bus drivers at the first and second data cable ends, the 
bus driver at the data cable first end transmitting a first data 
signal fir<Hn the data cable first end to the data cable second 
end when the data bus is in a transmitting mode and the bus 
driver at the data cable second end transmitting a second 
data signal from the data cable second end to the data cable 
first end when the data bus is in a receiving mode, the system 
comprising: 

a first bus receiver having a receiver input coupled to the 
data cable first end to receive the second data signal 
from the data cable second end when the data bus is in 
the receiving mode; 
a second bus receiver having a receiver input coupled to 
the data cable second end to receive the first data signal 
from the data cable first end when the data bus is in the 
transmitting mode; 
a first termination coupled to the data cable first end and 
selectively activated when the data bus is in the receiv- 
ing mode to terminate the data cable first end. said first 
termination coupling first and second wires of the 
two-wire data cable to a common reference level at the 
data cable first end; and 
a second termination coupled to the data cable second end 
and sctectivdy activated when fte data bus is in the 
transmitting mode to tennlnate the data cable second 
end. said second termination coupling the first and 
second wires of the two-wire data cable to a common 
reference level at the data cable second end. 
211. A system for the termination of a bidirectional serial 
data bus coupled between a first device and a second device, 
including a data cable having first and second ends with bus 
drivers at the first and second data cable eiMls wherein the 
data cable includes a two-wire twisted pair having first and 
second wires, the bus driver at the data cable first end 
transmitting a first data signal from die data cable first end 
to the data cable second end when the data bus is in a 
transmitting mode and tl^ bus driver at the data cable second 
end transmitting a second data signal from the data cable 
second end to die data cable first end when the data bus is 
in a receiving mode, the system conq>rising: 
a first bus receiver having a receiver ii^ut coupled to the 
data cable first end to receive the second data signal 
from the data cable second end when the data bus is in 
the receiving nfiode; 
a second bus receiver having a receiver ii^t coupled to 
the data cable second cod to receive the first data signal 
from the data cable first end when fte data bus is in the 
transmitting mode; 
a first termination coupled to the data cable first end and 
selectively activated when the data bus is in the receiv- 
ing mode to terminate the data cable first end; and 
a second termination coupled to the data cable second end 
and selectively activated when the data bus is in the 
transmitting mode to temunate the data cable second 
end wherein said first and second terminations each 
comprises a first termination element coupled between 
said first wire of said two-wire twisted pair dMa cable 
and a first reference signal and a second tennination 
elenient coupled t)etween said secoxMi wire of said 
two-wire twisted pair data cable and a second reference 
signal. 

22. A system for the termination of a bidirectional serial 
data bus coupled between a first device and a second device, 
including a data cable having first and second ends with bus 
drivers at the first and second data cable ends wherein the 
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data cable includes a two-wire twisted pair having first and 
second wires, the bus driver at the data cable first end 
transmitting a fix st data signal fipom the data cable first end 
to the data cable second end when the data bus is In a 
s transmitting mode and the bus dtriver at the data cable second 
end transmitting a second data signal from the data cable 
second end to the data cable first end when the data bus is 
in a receiving mode, the system comprising: 
a first bus receiver having a receiver input coupled to die 
10 data cable first end to receive the second data signal 
from the data cable second end when the data bus is in 
the receiving mode; 
a second bus receiver having a receiver input coupled to 
the data cable second end to receive the first data signal 
from the data cable first end when the data bus is in die 
transmitting mode; 
a first termination coupled to the data cable first end and 
selectively activated whtn the data bus is in the ceceiv- 
^ ing mode to terminate the data cable first end; and 
a secoad termination coupled to the data cable second end 
and selectively activated when the data bus is in the 
transmitting mode to terminate the data cable second 
end wherein said first and second terminations each 
includes a switch coupled between said first wire of 
said two-wire twisted pair data caUe and a termination 
reference, said switches being activated by switch 
control commands to selectively activate eidicr said 
first tennination or said second termination. 
^ 23. The system of claim 22 wherein said termination 
reference ts said second wire of said two-wire twisted pair 
data cable. 

2A A syston for the termination of a bidirectional serial 
data bus coupled between a first device and a second device, 
3^ including a data cable having first and second ends with bus 
drivers at the first and second data cable ends, the bus driver 
at the data cable first end transmitting a first data signal from 
the data cable first end to the data cable second end when the 
data bus is in a transmitting mode and the bus driver at the 
^ data cable second end transmitting a second data signal from 
the data cable second end to &e data cable first end when the 
data bus is in a receiving nM>de. die system comprising: 
a first bus receiver having a receiver input coi^led to the 
data cable first end to receive the second data signal 
43 from the data cable second end when the data bus is in 
the receiving mode; 
a second bus reccivcs^ having a receiver input coupled to 
the data cable second end to receive the first data signal 
from the data cable first end when the data bus is in the 
so transmitting mode; 

a first termination coupled to the data cable first end and 
selectively activated when the data bus is in the receiv- 
ing mode to terminate the data cable first end; and 
a second termination coupled to the data cable second end 
55 and selectively activated wtim the data bus is in the 
transmitting mode to terminate the data cable second 
end wherein said first and second terminations each 
include a capacitive element operating to provide an ' 
alternating current (AQ pathway f^x said first and 
£0 second terminations, respectively whereby said first 
termination is inactive and said second termination is 
active when the data bus is in the transmitting mode and 
said first termination is active and said second termi- 
nation is inactive when the data bus is in the receiving 
65 mode. 

2S. The system oi dalm M wherein said data cable 
includes a two- wire twisted pair having first and second 
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wires and said capacitive dements each Indudc a ftrst 
capacitor coupled between said first wire of said two-wire 
twisted pair data cable and a first teimination reference and 
a second capacitor coupled between said second wire of said 
two-wire twisted pair data cable and a second termination 3 
reference. 

26, The system of claim 25 wherein said first and second 
terminations each includes a switch coupled between said 
first wire of said two-wire twisted pair data cable and a 
termination reference, said switches being activated by 
switch control commands to selectively activate either said 
first termination or said second termination and to thaeby 
couple said capacitive elements to said first and second 
reference terminations. 

27. The system of claim 24 wherein said first and second 
terminations each include a resistive element connected in 
series with said capacitive element to provide said AC 
pathway for said first and second terminations, respectively. 

28. A system for the termination of a con^uter bidirec- 
tional serial data bus. including a two-wire twisted pair data 
cable, having first and second ends and coupled to a first 20 
device at the first end and to a second device at the second 
end. the data bus having a transmitting mode to transmit data 
from the data bus fint end to the data tws second end and a 
receiving mode to receive data transmitted from the data bus 
second end to the data bus first end. the system comprising: 25 

a fint twisted pair termination coupled to the data bus first 
end and selectively activated when the data bus is in the 
receiving mode to terminate the data bus first end; 

a second twisted pair termination coupled to the data bus 
second end and selectively activated when the data bus 3^ 
is in the transmitting mode to terminate the data bus 
second end; and 

a bus controller to generate at least a first bus enable 
signal to control said first and second twisted pair 
terminations wherein said first twisted pair termination 
is inactive and said second twisted pair terminatioo is 
active when the data bus is in the transmitting mode and 
said fiirst twisted pair termination is active and said 
second twisted pair tennination is inactive when die 
data bus is in the receiving mode. 

29, The system of claim 28 wherein said first and second ^ 
twisted pair tennanations eadi include a resistive element. 

3#, The system of claim 29 wherein said relative elements 
each include a semiconductor switch element having a first 
impedance when selectively activated and a second imped- 
ance hi^er than said first iii4>edance when not selectively 45 
activated. 

31. The sy^em of claim 28 wherein the two-wire twisted 
pair data cable has first and second wires and said first and 
second terminations each includes a switch coupled between 
the first wire of the two-wire twisted pair data cable and a 50 
termination reference, said switches being activated by said 
bus enable signal to selectively activate either said first 
teimination or said second termination. 

32. A system for the termination <^ a computer bidirec- 
tional serial two-conductor data bus having first and seccmd 55 
ends and coupled to a first device at the first end and to a 
second device at the second end, the data bus having a 
transmitting mode to transmit data from the data bus first end 

to the data bus second end and a receiving mode to receive 
data transmitted from the data bus second end to the data bus 60 
first end. the system comjsrising: 
a first teimination coupled to the data bus first end and 
selectively activated when the data bus is in the receiv- 
ing mode to couple first and second conductors of die 
two-conductor data bus to a common reference level at 65 
the data bus first end and thereby terminate the data bus 
first end; and 
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a second termination coupled to the data bus second end 
and selectively activated when the data bus is in the 
transmitting mode to couple the first and second con- 
ductors of the two-conductor data bus to a common 
reference level at the data bus second end and thereby 
terminate the data bus second end whereby said first 
termination is inactive and said second termination is 
active when the data bus is in the transmitting mode and 
said first termination is active and said second termi- 
nation is inactive when the data bus Is in the receiving 
mode. 

33. A system for the termination of a computer bidirec- 
tionai serial data bus having first and second ends and 
coupled to a first device at tbt first end and to a second 
device at the second end« ifae data bus having a transmitting 
mode to transmit data from the data bus first end to the data 
bus second end and a receiving mode to receive data 
transmitted from the data bus second end to the data bus first 
end. the system con^rising: 

a first termination coupled to the data bus first end and 
selectively activated when the data bus is in the receiv- 
ing mode to tenninate the data bus first end; and 

a second termination coupled to the data bus second end 
and selectively activated v^cn the data bus is in the 
transmitting niode to terminate the data bus second end 
wherein the data bus has first and second wires and said 
first and second terminations each comprises a first 
termination element coupled between the first wire of 
the data bus and a first reference signal and a second 
termination element coupled between the second wire 
of the data bus and a second reference signal. 

34. A system for the termination of a conqmter bidirec- 
tional serial data bus having first and second ends and 
coupled to a first device at the first end and to a second 
device at the second end, the data bus having a transmitting 
mode to transmit data from the data bus first end to the data 
bus second end and a receiving mode to receive data 
transmitted from the data bus second end to the data bus first 
end. the system comprising: 

a first termination coupled to the data bus first end and 
selectively activated when the data bus is in die receiv- 
ing mode to terminate the data bus first end; and 

a second termination coupled to the dau bus second end 
and selectively activated when the data bus is in the 
transmitting mode to terminate the data bus second end 
wherein the data bus has first and second wires and said 
first and second tenninatioas each includes a switch 
coupled between die first wire ci the data bus and a 
termination reference, said switches being activated by 
switch control commands to selectively activate either 
said first termination or said second termination 
wherein said termination reference is said second wire 
of the bus interface logic. 

35. A system for the tennination of a computer bidirec- 
tional serial data bus having first and second ends and 
coi^led to a first device at the first end and to a second 
device at the second end. the data bus having a transmitting 
mode to transmit data firom the data bus first end to the data 
bus second end and a receiving mode to receive data 
transmitted from the data bus second end to the data bus first 
end. the system oonoprising: 

a first termination coupled to the dau bus first end and 
selectively activated when the data bus is in the receiv- 
ing mode to tenninate the data bus first end; and 

a second termination coupled io the data bus second end 
and selectively activated when the data bus is in the 
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traasmitdng mode to terminate the data bus second end 
wherein the data bus has first and secood wires and said 
first and s6C<»Ld temiinatlons each includes a switch 
coupled between the first wire of the data bus and a 
termination reference, said switches being activated by 
switch control commands to selectively activate either 
said first tcrmiDation or said second termination 
wherein the system is powered by first and second 
voltage reference levels and said termination reference 
is a voltage level substantially halfway between said 
first and second voltage reference levels. 

36. A system for the termination of a conq>uter bidirec- 
tional serial data bus having first and second ends and 
coupled to a first device at the first end and to a second 
device at the second end, die data bus having a transmitting 
mode to transmit data from the data bus first end to the data 
bus second end and a receiving mode to receive data 
transmitted from the data bus second end to the data bus first 
end. the system con^Mising: 

a first tdmination coupled to the data bus first end and 
selectively activated when the data bus is in the receiv- 
ing mode to terminate the data bus first end; and 

a second termination coupled to the data bus second end 
and selectively activated when the data bus is in the 
transmitting mode to terminate the data bus second end 
wbeieiQ said first and second teiininations each include 
a capadtive element operating to provide an alternating 
current (AQ pathway for said first and second 
terminations, respectively. 

37. A method for the termination of a twisted pair bidi- 
rectional serial data bus coupled to a first device at a first end 
and to a second device at a second end. the data bus having 
a transmitting mode to transmit data from the data bus first 
end to the data bus second end and a receiving mode to 
receive data transmitted from the data bus second end to the 
data bus first end. the method comprising the steps of: 

selectively activating a first twisted pair termination 
coupled to the data bus first end when the data bus is in 
the receiving mode to terminate the data bus first end; 
and 

selectively activating a second twisted pair termination 
coupled to the data bus second end when the data bus 
is in the transmitting mode to terminate the data bus 
second end wherein said first twisted pair termination is 
inactive and said second twisted pair termination is 
active when the data bus is in the transmitting mode and 
said first twisted pair termination is active and said 
second twisted pair termination is inactive when the 
data bus is in the receiving mode. 

38. The method of claim 37 wherein said first and second 
twisted pair tenninatioDS each include a resistive element to 
terminate the data bus. 

39. The method of claim 33 wherein said resistive ele- 
ments each include a semiconductor switch element mode 
having a first impedance when seiectiveiy activated and a 
second in^^edance higher than said first impedance when not 
selectively activated, and said step of selectively activating 
said first and second twisted pair terminations includes 
ac^vating said scmiconductcu' switch element in said first 
twisted pair termination when the data bus is in the trans- 
mitting mode and activating said semiconductor switch 
element in said second twisted pair terminatioo when the 
data bus is in tiie recdving mode. 

40. Hie method of daim 37 wherein the twisted pair data 
bus includes first and secortd wires and said first and second 
twisted pair terminations each includes a switch coupled 
between the first wire of the twisted pair data bus and a 
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tcnnination reference, said step of selectivdy activating said 
first and second twisted pair terminations including activat- 
ing said switches with switch control commands to selec- 
tively activate dther said first twisted pair termination or 
5 said second twisted pair termination. 

41. A mediod for the termination of a computer bidirec- 
tional serial data bus coupled to a first device at a first end 
and to a second device at a second end, the data bus having 
a transmitting mode to transmit data from the data bus first 

10 end to the data bus second end and a receiving mode to 
reodve data transmitted from the data bus second end to the 
data bus first end, the method comprising the steps of: 
selectively activating a fir^ termination coupled to the 
data bus first end when the data bus is in the receiving 
1^ mode to terminate the data bus first end; and 

selectively activating a second termination coupled to the 
data bus second end when the data bus is in the 
transmitting mode to terminate the data bus second end 
wherein the data bus includes first and second wires 
^ and said stq> of sdectively activating said first termi- 
nation indudes coupling a first element between the 
first wire of the data bus first end and a first reference 
signal and a second termination element coupled 
between the second wire of die data bus first end and a 
^ second reference signal, said step of selectively acti- 
vating said sec<M]d termination indudes coupling a first 
dement between the first wire of data bus second end 
and said first reference signal and a second termination 
dement coupled between the second wire of the data 
^ bus second end and said second reference signal. 

42. A method for die termination of a computer hidirec^ 
tional send data bus coupled to a first device at a first end 
and to a second device at a second end. the data bus having 
a transmitting mode to transmit data from the data bus first 
end to the data bus second end and a receiving mode to 
receive data transmitted from the data bus second end to die 
data bus first end, the method comprising the steps of: 

selecdvdy activating a first termination coupled to the 
^ data bus first end when the data bus is in the receiving 
mode to terminate the data bus first end; and 
sdectively activating a second tennination coupled to the 
data bus second end when the data bus is in the 
transmitting mode to terminate the data bus second end 
4 j wherein the data bus first and second wires and said 
first and second terminations each indudes a switch 
coupled between die first wire of the data bus and a 
termiAation reference^ said step of selectivdy activat- 
ing said first and second terminations including acti- 
vating said switches with switch control commands to 
selectivdy activate either said first termination or said 
second termination wherein said termination reference 
is the second wire of die data bus. 

43. A method for the termination of a computer bldirec- 
22 tional serial data bus coupled to a first device at a first end 

and to a second device at a second end. die data bus having 
a transmitting mode to transmit data from the data bus first 
end to the data bus second end and a recdving mode to 
receive data transmitted from the data bus second end to the 
data bus first end, the method com(»ising die steps of: 
selectivdy activating a first termination coupled to die 
data bus first end when the data bus is in die receiving 
mode to terminate the data tws first end; and 
selectively activating a second termination coupled to the 
63 data bus second end when the data tHis is in the 
transmitting mode to terminate the data bus second end 
wherein the data bus first and second wires and said 
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first and second tenmnations each includes a switdi 
coupled between the first wire of the data bus and a 
termination reference, said step of selectively activat- 
ing said first and second tenmnations including acti- 
vating said switches with switch control commands to 
selectively activate either said first termioation or said 
second tennination wherein the first and second devices 
are powered by first and second voltage reference 
levels and said termination reference is a voltage level 
substantially halfway between said first and second 
voltage refereace levels. 
44. A method for the termination of a computer bidirec- 
tional serial data bus coupled to a first device at a first end 
and to a second device at a second end. the data bus having 
a transmitting mode to transmit data from the data bus first 
end to the data bus second end and a receiving mode to 



receive data transmitted from the data bus second end to the 
data bus first end, the method comprising the steps of: 
selectively activating a first termination coupled to tiie 
data bus first end when the data bus is in the receiving 
s mode to terminate the data bus first end; and 

selectively activating a second termination coupled to the 
data bus second end wheo die data bus is in die 
transmitting mode to terminate the data bus second eod 
wherein said first and second terminations each include 
10 a capadtive element and said step of selectively acti- 
vating said first and second terminations indudes cou- 
pling the capadtive elements to the data bus to provide 
an alternating current (AC) pathway for said first and 
second terminations, respectively. 

IS 
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